Unripe green apples contain condensed tannins at 10 times higher levels than ripe apples. Tannin not only has strong antioxidant activity, but also an astringent property. In this study, we investigated the effects of green apple rind (GAR) extracts in reducing facial pores and sebum secretion. Among the GAR extracts, the 70% ethanol GAR extract showed the highest antioxidant activity and tannin content. Hence, it was further fractionated with different solvents. Among these rind solvent fractions, the ethyl acetate fraction of the extract (GAR-E) showed astringent activity. Additionally, it exhibited inhibitory effects on 5-reductase, and induced type 1 collagen and involucrin synthesis. These results suggest that GAR-E can be applied in cosmetics to reduce facial pore size and sebum secretion.
Facial skin contains many pores. These play crucial roles in facial skin, as they keep the skin hydrated and protect it from microbial infection by producing an oil that is carried from the sebaceous glands to the skin surface, but excessive secretion of sebum clogs the pores with oil and enlarges them. 1) In particular, enlarged facial pores are a major cosmetic concern. Therefore, reducing facial pore size and decreasing sebum secretion is of much interest in the cosmetics field. Various treatments to reduce pore size, including intense pulsed light, retinoic acid cream, oral isotretinoin, isotretinoin, iontophoresis, and glycolic acid peeling are used, although only partial success has been reported. 2) Several factors are perhaps related to enlargement of facial pores and sebum secretion, including genetic predisposition, gender, aging, hormones, seborrhea, acne, and chronic ultraviolet light exposure.
3) Among these, three major reasons for increases in facial pores and sebum secretion have been reported. First, they are related to the enzyme 5-reductase type 1. This enzyme converts testosterone to dihydrotestosterone in the skin, which has much greater potency to increase the activity of sebocytes, the sebaceous gland cells responsible for sebum synthesis. [4] [5] [6] [7] Overproduction of sebum caused by 5-reductase type 1 results in an undesirable oily, shiny complexion with enlarged pores. Reduction in sebum secretion can be confirmed by measuring 5-reductase activity. Secondly, facial pore deformation is caused by decreased elasticity due to aging. Elastic fibers supporting pore walls decrease in number, and facial pores enlarge. 8 ) Type 1 collagen is the major component protein giving tensile strength to human skin, and is the major interstitial, fiber-forming collagen in normal human dermis. 9) Hence, the contractive activity of facial pores can be investigated by measuring the synthesis effect of type 1 collagen. Finally, involucrin is well-known as a differentiation marker in epidermal keratinocytes, and it plays important roles in the development of the cell envelope and the horny layer structure. 10) If it is not synthesized completely, the skin becomes dry and flaky. [11] [12] [13] [14] [15] [16] This results in dead skin cells accumulating in the pores, and causes them to enlarge.
Apples have been a fruit in the human diet since ancient times. They contain several phenolic compounds, including chlorogenic acid (CGA), catechin, epicatechin, phlorizin, and condensed tannins (CTs). [17] [18] [19] [20] [21] [22] Tannins are not only strong antioxidants with physiological and pharmacological activities, but they have astringent activity in the skin. 23, 24) The reactivity of CTs with molecules of biological significance has important nutritional and physiological consequences. The multiple phenolic hydroxyl groups of tannins cause the formation of protein complexes in the skin, resulting in astringent activity. [25] [26] [27] Ripe apples have CTs at 10 less levels than unripe green apples. 28) Green apples are expected to have an effect in reducing enlarged facial pores and sebum secretion, as compared to ripe apples.
The aim of this study was to investigate the effects of green apple rind (GAR) extracts in reducing enlarged facial pores and sebum secretion. Total phenolic content, flavonoid content, antioxidant activity, tannin content, astringent activity, inhibition of 5-reductase, type 1 collagen synthesis, and the involucrin synthesis effect of GAR were investigated.
Materials and Methods
Preparation of green apple extracts. Unripe green apples were purchased from a local commercial market (Dangjin, Chungnam, Republic of Korea). After washing, the fruit was separated into four groups: whole, rind, pulp, and seed parts. The parts were freeze-dried and ground in a blender to make fine powders. Solvent extraction was carried out as described by Choi et al. 29) A 300-g portion of each group was extracted with 3 L of 70% ethanol under refluxing for 3 h. After filtering the supernatants with Whatman filter paper No. 2 (Maidstone, UK), they were evaporated to remove ethanol, and freeze-dried to remove the remaining water. Among the groups, whole green apple (GAW), rind (GAR), pulp (GAP), and seed (GAS), GAR had the greatest biological activities. Hence, we performed further fractionation of the GAR extract with solvents of various degrees of polarity. GAR was dissolved in distilled water and fractionated with hexane (GAR-H), chloroform (GAR-C), ethyl acetate (GAR-E), and n-butanol (GAR-B), leaving an aqueous layer (GAR-A). The fractions were also concentrated and freeze-dried. The procedure is shown in Fig. 1 .
Determination of total flavonoid contents. Aluminum chloride colorimetric assay was used to determine total flavonoid contents.
Briefly, 100 mL of sample dissolved in DMSO and 2% AlCl 3 . 6H 2 O solution were mixed in a 96-well plate. After 5 min of incubation, the absorbance was read at 430 nm using a spectrophotometer (Bio-Tek Instruments Inc., Winooski, VT). The total flavonoid concentration was calculated using quercetin as standard.
30)
Determination of total tannin content. Total tannin content of samples was determined by the method described by Duval et al., with some modifications. 31) Briefly, 100 mL of sample dissolved in DMSO was mixed with 200 mL of diluted water. A 100-mL aliquot of a 5% Na 2 CO 3 solution and 50 mL of 1 N Folin-Ciocalteu reagent were added to the mixture. After vortexing the mixture was incubated for 60 min, and the absorbance was read at 725 nm with a spectrophotometer. The total tannin content was calculated using tannic acid as standard.
Phytochemical screening. Briefly, major secondary metabolites were identified by the following methodology. Qualitative phytochemical screening of the active fraction of GAR-E was carried out for phenols (Folin-Ciocalteu test), 32) saponins (forthing test), 33) alkaloids (Dragendoff's test), 34) amino acids and amines (ninhydrin test), 35) terpenoids (Liberman Burchard's test), 36) sugars (Seliwanoff's test) 36) and lipids (Salkowski's test).
37)
High performance liquid chromatography (HPLC)-high resolution (HR)/MS analysis. Analysis to confirm the active compounds in GAR was done with a LTQ Orbitrap (Thermo Electron, Bremen, Germany) equipped with Finnigan Surveyer MS Pumps Plus (Thermo Electron, San Jose, CA). A gradient elution of deionized water (solvent A) and methanol (solvent B) was used starting with 80% A and 20% B to reach 0% A and 100% B over 40 min. The two mobile phases contained 0.01% formic acid. The column was a Poroshell 120 EC-C 18 (3:0 Â 50 mm, 2.7 mm; Agilent Technologies, Santa, Clara, CA). The electrospray positive ionization (ESI þ ) source was characterized by a sheath gas flow rate of 40 arb, aux gas flow rate of 5 arb, a sweep gas flow rate of 2 arb, a spray voltage of 4.2 kV, a capillary temperature of 230 C, a capillary voltage of 2 V, and a tube lens value of 90 V. Scan settings were positive polarity at a resolution of 60,000. The ionization mode was electrospray positive (ESI þ ). Xcalibur (version 2.2, Thermo Fisher Scientific) software was used.
Analysis to confirm the contents of CGA in GAR was done on an Agilent 1200 Series system (Agilent, Santa Clara, CA). The column was a SunFire C 18 (4:6 Â 150 mm, 5 mm; Waters, Milford, MA, USA), and temperature was maintained at 37 C. The flow rate was 1 mL/min, and a gradient elution of 0.05% trifluoroacetic acid anhydride in deionized water (solvent A) and methanol (solvent B) was used starting with 80% A and 20% B to reach 0% A and 100% B over 40 min. The detection wavelength was 330 nm. A personal computer equipped with the Agilent Chemstation program for liquid chromatography (LC) systems was used to obtain and process the chromatographic data. The CGA contents were measured using a calibration curve of the standard compound (Sigma-Aldrich, St. Louis, MO).
Measurement of 2,2-diphenyl-1-picryl hydrazyl (DPPH) radical scavenging activity. DPPH radical scavenging activity of samples was measured by a method described previously, with some modifications. 38) Briefly, 700 mM of DPPH reagent was dissolved in ethanol, and the sample was dissolved in DMSO. A 100-mL aliquot of the sample was mixed with DPPH reagent in a 96-well plate. The mixture was incubated at 37 C for 30 min, and the absorbance was read at 517 nm with a spectrophotometer. Scavenging activity was measured by the following formula: % scavenging activity ¼ ½ðA control À A sample = A control Þ Â 100. The SC 50 value is the concentration required to scavenge 50% of the DPPH radicals. Ascorbic acid was used as positive control.
39)
Ferric reducing antioxidant power (FRAP) assay. The ferric-ion reducing power of samples was measured by a method described previously, with some modifications. 30) Briefly, FRAP reagent con- GAW, 70% ethanol extract of the whole green apple; GAR, 70% ethanol extract of green apple rind; GAP, 70% ethanol extract of green apple pulp; GAS, 70% ethanol extract of green apple seeds; GAR-H, hexane fraction of the green apple rind 70% ethanol extract; GAR-C, chloroform fraction of the green apple rind 70% ethanol extract; GAR-E, ethyl acetate fraction of the green apple rind 70% ethanol extract; GAR-B, butanol fraction of the green apple rind 70% ethanol extract; GAR-A, aqueous fraction of the green apple rind 70% ethanol extract. taining 2.5 mL of 10 mM 2,4,6-tris(2-pyridyl)-1,3,5-triazine solution in 40 mM HCl, 2.5 mL of 20 mM iron (III) chloride hexahydrate (FeCl 3 . 6H 2 O), and 25 mL of 300 mM acetate buffer (pH 3.6) was prepared. A 6-mL aliquot of sample was mixed with 180 mL of FRAP reagent in a 96-well plate. The mixture was allowed to stand for 5 min, and then the absorbance was read at 593 nm with a spectrophotometer. FeSO 4 . 7H 2 O was used to calibrate a standard curve to determine the sample concentration with ferric ion reducing power equivalent to that of 1 mM FeSO 4 .
Determination of astringent activity. Astringent activity was measured by a method reported in previously, with some modifications. 40) One mg/mL of hemoglobin in phosphate buffered saline (pH 6.8) was mixed with sample extract dissolved in ethanol (1 mg/mL) at 1:1. After strong shaking, the mixture was centrifuged at 3,000 rpm for 10 min. The absorbance was read at 407 nm with a spectrophotometer. Tannic acid was used as a positive control (1 mg/mL). Astringent activity was expressed by the following formula: % astringent activity ¼ ½ðA control À A sample =A control Þ Â 100:
Cell culture. Human keratinocyte cell line HaCaT was purchased from the American Type Culture Collection (Rockville, MD), and human fibroblast cell line CCD-986sk was from the Korea Cell Line Bank (Seoul, Korea). The cells were cultured in DMEM medium supplemented with 10% fetal bovine serum (FBS) and 100 U/mL of penicillin and streptomycin in 5% CO 2 at 37 C.
Cell viability. Cell viability was determined by MTT assay. 41) HaCaT cells were seeded in 24-well plates at a density of 1 Â 10 5 cells/well, and CCD-986sk cells were seeded in 96-well plates at a density of 5 Â 10 3 cells/well. After confirmation of cell attachment, the GAR-E fraction was added to FBS-free medium at 31.25-1,000 mg/mL for 24 h. Then the medium was removed and the MTT in the medium was added to the well. After 3-h of incubation at 37 C the medium was removed, and 200 mL of dimethyl sulfoxide was added to dissolve the formazan crystals. The absorbance was read at 540 nm with a spectrophotometer. The results were expressed as percentages of control. 42) RNA isolation and reverse transcription polymerase chain reaction (RT-PCR). HaCaT cells were seeded in 60-mm 2 dishes at a density of 8 Â 10 5 cells/well. After confirmation of cell attachment, 100 mg/mL of GAR-E was added to FBS-free medium for 24 h. HaCaT cells cultured only in the medium were used as untreated control, and 0.5 mM CuSO 4 was used as positive control. 43) Total RNA was extracted with Trizol reagent (Invitrogen, Carlsbad, CA) following the manufacturer's instructions. Total RNA (3 mg) was used to synthesize cDNA with a First-Strand cDNA Synthesis KIT (Legene Biosciences, San Diego, CA). The synthesized cDNA was amplified with a thermal cycler (Bio-Bud, Seoul, Korea) with G-Tag DNA polymerase (Cosmo Genetech, Seoul, Korea). The 5-reductase type 1 primers were forward, 5 0 -TGG CGC TTC TCT ATG GAC TT-3 0 , and reverse, 5 0 -GGA AGC AAC ACT GCA GTT GA-3 0 . The glyceraldehyde-3-phosphate dehydrogenase primers were forward, 5 0 -AGG TCG GAG TCA ACG GAT TTG-3 0 , and reverse, 5 0 -ACA GTC TTC TGG GTG GCA GTG-3 0 . Optimal PCR results for these genes were obtained at an annealing temperature of 62. 4 C at 25 cycles. The results were visualized on 1.2% agarose gels stained with Red-safe nucleic acid staining solution (iNtRON Biotechnology, Seoul, Korea). Quantitative normalized data were obtained with a densitometer, and were analyzed with the Quantity One software (version 4.2.2, Bio-Rad Laboratory, Hercules, CA).
Enzyme-linked immunosorbent assay (ELISA) for measuring type 1 collagen synthesis. CCD-986sk cells were seeded in 96-well plates at a density of 5 Â 10 3 cells/well in a medium containing 10% FBS for 24 h. After confirming cell attachment, GAR-E was added in FBS-free medium at concentrations of 25, 50, and 100 mg/mL for 24 h. Type 1 collagen production was measured as the release of extracellular matrix protein into the culture medium. A 100-mL aliquot of cultured medium and standards (type 1 collagen, Nitta Gelatin, Osaka, Japan) was inserted into collagen-coated 96-well plates and incubated at 37 C for 2 h. After washing with 0.05% phosphate-buffered saline with 0.1% Tween 20 (PBST), COL1A1 primary antibody (Santa Cruz Biotechnology, Santa Cruz, CA) was added and this was incubated for 1 h. After washing with 0.05% PBST, the secondary antibody conjugated with HRP (Santa Cruz Biotechnology, CA) was added and incubated for 1 h. After washing with 0.05% PBST, the tetramethylbenzidine (TMB) substrate (Sigma-Aldrich Co., St. Louis, MO, USA) was added. TMB substrate produces a blue color when it catalyzes with the HRP enzyme. After the desired color intensity was reached, the reaction was terminated by adding 0.5 N H 2 SO 4 , which changes the solution color from blue to yellow. The absorbance was read at 450 nm with a spectrophotometer.
ELISA to measure involucrin synthesis. Involucrin contents were measured with an human in volucrin ELISA KIT (TSZ ELISA, Framingham, MA). HaCaT cells were seeded in 6-well plates at a density of 3 Â 10 5 cells/well. After confirming cell attachment, GAR-E was added to FBS-free medium at concentrations of 25, 50, and 100 mg/mL for 24 h. HaCaT cells were lysed in protein extraction solution (RIPA Buffer, Elpis-Biotechnology, Seoul, Korea), and the lysates were clarified by centrifugation for 20 min at 13,000 rpm. Measurements and data analysis were performed according to the manufacturer's procedure.
Statistical analysis. Sigma-plot 10.0 was used for statistical analysis. Data were expressed as mean AE standard deviation for three independent experiments performed in triplicate. Comparisons were made by Duncan's multiple range test. p < 0:05 was considered significant.
Results and Discussion
Total flavonoid contents of GAEs Phenolic compounds such as isoflavones, chalcone, and tannin have been reported to be effective in inhibiting 5-reductase enzymes in vitro. 44, 45) The total flavonoid (TF) contents of the GAEs are shown in Table 1 . Among the 70% ethanol extracts, GAR was significantly higher, at 2.42 mg quercetin equivalent (QE)/mg of dry matter (DM). After fractionation of the GAR, it was noticeable that the flavonoid contents were higher than those in the 70% ethanol extracts. In particular, GAR-E had the highest contents (66.28 mg QE/mg of DM) among the solvent fractions (Table 2) . GAR-E had almost 27-fold TF than GAR. In a previous study, flavonoids were notable for antioxidant activity, including free radical scavenging action. 46) Hence GAR and GAR-E were expected to have higher antioxidant activity such as free-radical scavenging activity and ferric-reducing power activity.
Total tannin contents of the GAEs
Skinny proteins combine with total phenolic compounds to form cross-linked bonds. This results in reduction in skin pore size and sebum secretion. In particular, the -OH groups in natural phenolic compounds play an important role in reducing skin pores and sebum secretion. 47) They interact with the surfaces of skinny proteins by acting as connectors linking skinny proteins, and this interaction causes an excellent astringency effect on facial skin. 47) Among various phenolic compounds, tannins are a group of plantderived polyphenols with unique properties, such as the ability to precipitate proteins and heavy metals. 48) They interact with proteins found in human skin. Hence we estimated the total tannin contents and the astringency effect. The total tannin contents of the samples are shown in Tables 1 and 2 . Among the 70% ethanol extracts, GAR had the highest total tannin content (30.5 mg/mg of DM), followed by GAS (17.7 mg/mg of DM), GAW (13.5 mg/mg of DM), and GAP (12.7 mg/mg of DM). After fractionation of the GAR, GAR-E contained a significantly higher level of tannins (337.5 mg/mg of DM), followed by GAR-B (155.4 mg/mg of DM), GAR-C (143.3 mg/mg of DM), GAR-H (123.8 mg/mg of DM), and GAR-A (16.4 mg/mg of DM). Notably, the total tannin contents were 11-fold higher than in the crude extracts after fractionation. The total tannin contents of green apple showed results similar to those of flavonoid content. Total tannin content has also been reported to be correlated with antioxidant activity. 49, 50) Hence we expected that GAR and GAR-E, having the highest flavonoid and tannin contents would show the highest antioxidant activity.
Phytochemical screening of GAR-E Phytochemical screening of the active GAR-E fraction revealed the presence of phenols, alkaloids, lipids, and sugars, but saponins, amino acids and amines, and terpenoids were absent.
LC-HR/MS identification of CGA in GAR-E
The mass spectrum of GAR is shown in Fig. 2a . The protonated molecular ion (½M þ H þ ) appeared at m=z 355.10242 in the LC-HR/MS spectrum in ESI þ mode. The formula for this compound was C 16 H 19 O 9 , and it was identified as CGA (delta value, 0.172 ppm) using the elemental composition program. The GAR-E was analyzed by HPLC to confirm CGA contents. The CGA level of GAR-E was 60 mg/10 mg, GAR-E, constituting 0.6% of the total compounds in GAR-E (Fig. 2b and c) . CGA is a phenolic compound that has been isolated from natural plants such as coffee and beans. 51, 52) It plays a major role in scavenging free radicals, and has anti-tumor effects. 53, 54) It also inhibits matrix metalloproteinase-9 activity in the skin. 55) Hence we expected that CGA would be effective in astringent activity and inhibition of 5-reductase.
Antioxidant activity DPPH is a stable free-radical donor widely used to estimate free-radical scavenging effects. 56) It is reduced in the presence of an antioxidant molecule, producing a color change from violet to yellow. Free radical scavenging capacity is expressed as an SC 50 value or as the concentration needed to reduce 50% of DPPH radicals. The radical scavenging capacities of the 70% ethanol extracts decreased in the following order: GAR>GAS>GAW>GAP (Table 1 ). As shown in Table 2 , GAR-E had the highest free radical scavenging capacity of various GAR solvent fractions. It inhibited 50% of DPPH radicals at a concentration of 244 mg/mL, almost 3-fold lower than that of GAR (SC 50 ¼ 669 mg/mL). Additionally, GAR-E had the highest reducing power of the fractions. Ferric ion-reduction is often used as an indicator of electron-donating activity, which is an important mechanism of phenolic antioxidant action.
57)
The ferric-reducing antioxidant power of GAR-E was 2.63 mM FeSO 4 . 7H 2 O, almost 7-fold elevated as compared to that of GAR (0.36 mM FeSO 4 . 7H 2 O). As expected, GAR-E, which had the highest polyphenol and flavonoid content, showed the highest antioxidant activity, and was comparable to the standard ascorbic acid as an antioxidant.
Astringent activity Each fraction of green apple rind was investigated to confirm astringent activity. As shown in Fig. 3 , tannic acid (TA), the positive control, had 101:3 AE 0:4% astringent activity as compared to the untreated control. The astringent activity of the fractions of green apple rind decreased in the following order: GAR-H> GAR-C>GAR-E>GAR-B>GAR-A. This indicates that GAR-H and GAR-C had significant astringent activities, 101:7 AE 5:3% and 81:5 AE 5:6%, respectively, similar to that of TA. Nevertheless, because our preliminary results indicated that the cytotoxicity of GAR-H (29:8 AE 1:4%), and GAR-C (92:9 AE 1:4%) on HaCaT cells were potent compared with that of GAR-E (7:9 AE 2:6%), it was difficult for GAR-H and GAR-C to apply in cosmetic industry as cosmetic natural materials. Hence we chose GAR-E as an active fraction in reduce 5-reductase type 1 mRNA expression, and to synthesize type 1 collagen, and involucrin as a facial pore variable.
Inhibitory effect of the GAR-E fraction on 5-alpha reductase type 1 mRNA expression 5-reductase type 1 enzyme activity was measured as to skin, as it causes sebum secretion, leading to enlarged facial pores. We confirmed the inhibitory effect of GAR-E on 5-reductase type 1 mRNA expression by RT-PCR. GAR-E did not appear to be toxic at concentrations of up to 125 mg/mL (data not shown). Hence HaCaT cells with 100 mg/mL of GAR-E for 24 h. As an identified compound in GAR-E, CGA was added to the cultures to confirm the inhibitory effect of CGA on 5-reductase type 1. Because 60 mg of CGA/10 mg of GAR-E was present, 0.6 mg/mL of CGA was added to the HaCaT cells. GAR-E inhibited 16% of 5-reductase type 1 activity, and CGA inhibited 12% of 5-reductase type 1 activity compared to control (Fig. 4) . GAR-E and CGA showed similar 5-reductase type 1 inhibitory effects. The inhibitory effect of GAR-E on 5-reductase type 1 might have originated from CGA, but we failed to find a significant difference of the protein expression in the level of GAR-E or CuSO 4 , the positive control (data not shown). It is necessary further to investigate whether this protein activity is changed by GAR-E.
Effect of GAR-E on type 1 collagen synthesis
One of the leading causes of enlarged skin pores is denaturation of collagen and elastic fibers.
2,58) Type 1 collagen synthesis was measured by ELISA to evaluate the skin elasticity effect of GAR-E. When 25, 50, and 100 mg/mL of GAR-E was imposed on CCD-986sk cells for 24 h, the concentrations were not toxic (data not shown). Hence GAR-E promoted type 1 collagen synthesis in a dose-dependent manner. The 100 mg/mL of GAR-E treatment yielded 34% increased type 1 collagen synthesis, and the positive vitamin C control gave a 49% increase in type 1 collagen synthesis (Fig. 5) . These results suggest that GAR maintains pore-wall strength and improves pore size. 
Effect of GAR-E on involucrin synthesis
We performed ELISA to evaluate the effect of GAR-E on involucrin synthesis. When GAR-E was applied to HaCaT cells for 24 h, cytotoxicity was not observed at concentrations of up to 125 mg/mL (data not shown). Hence GAR-E was used at 25, 50, and 100 mg/mL. When 25 mg/mL of GAR-E was used, the involucrin contents increased significantly (4.2 ng/mg of protein) compared with control (2.7 ng/mg of protein), but higher GAR-E concentrations did not increase involucrin further (Fig. 6) . These results indicate that even low concentrations of GAR-E were effective increasing involucrin content. Hence GAR-E is expected to maintain skin moisture and to prevent dead-cell accumulation in pore walls.
GAR-E had significant antioxidant and astringency activities as compared to the other parts. It also had an inhibitory effect on 5-reductase type1, and aided in the synthesis of type 1 collagen and involucrin. Especially, CGA, an identified compound of GAR-E in this study in GAR-E, showed an inhibitory effect on 5-reductase type 1. We measured astringent activity, but CGA did not have astringent activity (data not shown). Thus, the other compounds might have contributed to the astringent activity. Further investigation to identify the active compounds in GAR-E enhancing the synthesis of collagen and involucrin is required. In a previous study, various chemical compounds were reported to be used as treatments to reduce facial pore size and sebum secretion. However, general consumers are more aware of the potency of natural materials. Also, there is a need at both ends, producer and consumer, for natural solutions to meet this demand. Hence we thought that the green apple rind used in this study makes an attractive natural candidate for cosmetic industry for improving problems related to skin pores and sebum secretion. 
